Comparison of GMI output for lightning simulations with
SHADOZ O, profiles

Dale Allen and Ken Pickering

For year 1 of the GMI simulations, hourly model output was archived
on 20 pressure levels at the location of SHADOZ O, sondes

Ascension Island and Nairobi, Kenya (1998-2004 data; one sonde
per week with gaps)

All model output and sonde data were used to create:

1. Vertical profiles (Model versus SHADOZ for no lightning, default
lightning, and new lightning simulations)

2. Curtain (time series) plots
3. Probability distribution functions
4. Percent lightning contribution plots




Click on a site to access the data archive.

Anne. M. Thompson, PI
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site: Ascension { —7.98 deg lat, —14.42 deg lon), lightning flag: +ZL2
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Summary of Ascension Island comparison

DAO:

In upper troposphere, 5-15 ppbv more O, in new run during Sep-Nov, bringing
model closer to observed values

Lightning contribution of 35-45% to O, in upper troposphere

GISS:

Upper tropospheric O, in new lightning run 5-15 ppbv < O, in default run for
November — June period; GISS cloud tops too low

Lightning contribution of 35-50% to O, in upper troposphere

FVGCM:

With default or new lightning- High-bias above ~300 hPa.
(unobserved) linear increase with height during several months
Lightning contribution of 40 to >60% to O, in upper troposphere

ALL:
Improvement in shape of frequency distribution of 350 hPa ozone mixing ratios




site: Ascension { —7.98 deg lat, —14.42 deg lon), madsl; DAD

January February
100G 7T 100 -1 T 100
- 1
I

woZont ool & 200f {1 = zoof -
T T & E
e T ol ]
T R - w2l2{ 5 3oaf 1 e 300 1
5 5 N o= =
400t {1 & 400t = 1 B amf -
£ soof 1 £ soaf 2% 1 B spo} .

B0 - 600 1 600 -

BOC - Bo0 - , 1 so0 -

WeET L WwooE=EL fgoo kT

0 50 100 150 a 50 100 150 0 50 100 150
03 (ppbv] 03 {ppb«] 03 {ppbu]
April May June
100 T (-] I o L5 LN eaucen s
1

= oot {1 = =00t {1 = =zoof -
O Lo L
= = =
2 300+ 1 ¢ 300 1 ¢ 300t -
B 400) N="1 2 so0p N="1 2 4o} N=
£ soof 21 1 & soof 28 1 & soof 28

BOC - 800 1 60O -

g0 L - goar [ : E00 -

1|:|':||3"- HE PR S S S [ S T T T 1|:|0|:|'- el S [N TN SR S N N S S S S H:IC'U'- PR R [N S SR S N I S SR S

a 50 100 150 0 S0 100 150 0 L 100 150

03 [ppby) a3 {ppkv) 03 {ppbv)



site: Ascension { —7.98 deg lat, —14.42 deg lon), meodsl: GISS

January February
100 1T 100 T T 100
=4 ]
|
= ZOOH ool B 200f 1 = zoof 1
& . & E
e — ol ]
o 300h T — 2l2{ 4 3oaf 1 & 3007 1
5 ; 5 N o= =
a 400t {1 @ a4oaf = 4 B 4o0f 1
£ soof 1 £ soaf 2% 1 B spo} .
B0 1 &00 F 1 so0 1
BoG 1 oo F 5 1 Boo 1
W0GE = MOOETT o0k
0 50 100 150 Q 50 100 150 ] 50 100 150
03 (ppbv] 03 {ppb«] 03 {ppbu]
April May June
([S/E] I T (1] =T L1 I v M
AT LA =
. . --_.-'- ..'. !
5 200t — 1 & z00F A 1 & =200} y
£ L ¥ & —L &
£ 4 = L =
o 300t H— {1 &« @o0F  [—4 {1 o 30o0f 1
5 = B o= 5 —H— B = 5 M =
7 00f S — = 1 & so0r i = 1 B 400y =
-1 R pp— 21 41§ soof | S 28 4 £ soof 28
BOG — 1 BO0 - = . GO0 1
i
BOG[ [ 1 Boaf 1 1 EQO | 1
1|:|':||3"--'I-- IR T T B S S L P N A T, oo Y o
0 50 100 150 0 50 100 150 ) 50 100 150

03 [ppby) a3 {ppkv) 03 {ppbv)



site: Ascension { —7.98 deg lat, —14.42 deg lon), meodsl: GISS

July August Septeamber
100 SRR o 71225 100 “"'”], P 100 T f_d:wﬁ |
0 ! i L
5 I 1
o 200t H ] B 200f {1 = zoof .
o e V= o oL } L !
= PO ] = = [T
o I0OF T ----- — 2 4 3oat 1 & 300t —_— 1
= 5 _ = |_“I_ H =
B o400t {1 & 400t = 1 B 4pof b =,
E oot = 1 E spab 26 1 E coof - I
60 26 600 - - 600 h—t E
4
GO 1 BOO . &o0 ii? 1
- ] o
000 o0k A o0k T L
a 50 100 150 a 50 100 150 o s} 160 150
03 (ppbv] 03 {ppb«] 03 {ppbu]
CDictober Mowvember Oecember
100 T ST 100 T =T L] LIy ey
= 200f {1 = =zoof 1 = =oo0f 1
| | |/
= = =
a 300f 1 @ 300 1 » 300F 1
a H —_ s | =
Boo4not = 1 ® apof 1 B 4o0f 1
ol " d1 L
o Sat 1 & &00F 1 o— &0Of .
BOC 1 BOG - . GO0 1
B0 1 EOO - ] EQ0 1
Mmook T mooe oL ook Lo
f 50 100 150 a 50 100 150 o LTe) 100 150

03 [ppby) a3 {ppkv) 03 {ppbv)



site: Ascension { —7.98 deg lat, —14.42 deg lon), modsl; FWGCM

January February March
106 7T — 100 [T s B (V]
= Zont ool & 200f {1 & zmof -
= S & =
A H e -
o aonf R — 2l g 300t 1 & 300 1
5 : 5 =
2 400f 1 & 400t 1 2 4ocof -
b L ]l B L ]l B L i
& S0 e 500 o 500
BAaC - 1 600 - 1 GO0 - 1
B 1 BO0 - 1 8o0 - 1
mooeeE 7 ey moeA vy oo ey
1 a0 106G 134 2 Bk 100 130 o o 160 150
03 (ppbv] 03 {ppb«] 03 {ppbu]
April May June
101 e PR 10T L lon— T
| | | | -
[ | 1 W
H | | -
s f 1
r'x. "’
o 220G e 1 = 200 o 1 7w 200
& — & o 5
= — = =
o oot — iy {1 & 300t 1 & 300f
5 — N = 5 b o= 5
B oaoof - = 1 & 400t = 1 B 4o}
(= S 21 = 28 =
o UG AT 1 o 52 1 o S0
GO - -' — 1 GO0 - 1 Bo0 -
BG4 - BOa - - 500 |
moee S vy, o0 A 0 ftoed b L
il L 105 150 a S 100 150 o 5 160 150

03 [ppby) a3 {ppkv) 03 {ppbv)



site: Ascensien { —7.98 deg lat,

100G

200

S

400

205
GO

Prezsure fhPa}

BOC
1000

100G

200

300

400G

SO
[ZIH

Pressure (hPa)

UG
1000

July

T |

50 100
03 (ppbv]

1540

Dctober

Prezsure fhPa}

Pressure (hPa)

100

200

S0

400

Soa
GO0

BGa
1000

100

—14.42 deq lon), medel: FVGCM

August
]

o 100
03 {pp b'\.':]

Maovember

Freasure {hPa}

Pressure {hPa)

100

200

300

400

500
aon

&00
1000

1a0

September

il e
d

50 100 150
03 {ppbu]

Oecember




site: Mairobi { —01.27 deg lat, +38.80 deg lon), model: DAD

January February
1o T I 10— T PN 100
o POt wol B 200f —— { = zoof -
= & ; =
A e -
o 303} w32l 4 300f 1 @ 300f 1
5 5 N o= =
B 4o 1 & 4naf = 1 & 400t 1
£ soof 1 £ soaf 200 4 E spo} .
BOG T 1 600 1 00 1
BOG 1 BOO - 1 8O0 ~f 1
ook g Mmook L toopok b,
0 50 100 150 a 50 100 150 o 50 100 150
03 (ppbv] 03 {ppb«] 03 {ppbu]
Apri June
100 I;/kﬁ T T 100 115 BN A e
= :
_\.
H—
= oot H— {1 = =zoo0f 1 o =2o0r 1
R —— R i
= —— = =
o 300 —F—— 1 « 3001 1 w» 3007 1
5 — N = 3 = =
noo400f —— {1 % 400} 1 B 4oof 1
(= = 21 = = 24
& 500r l—— 1 & soof 1 & so0r 1
BOG - ' 1 BO0 - . BO0 - 1
SO0 o 1 BO0 - . EOO - 1
1|:|':||3"- -I PR SR T T TR S N N T S S S 1|:|0|:|'- PR SR [ T SR SR R N S S S H:IC'U'- R R [N S SR SR R I S S S
i S0 100 150 a 50 100 150 o 50 100 150

03 [ppby) a3 {ppkv) 03 {ppbv)



site: Mairobi { —01.27 deg lat,
July
100 T T 100
.“rt I
T 200 ool § 20
= e w2B | E
o IBF i ——m e valzd o 3on
5 5
a2 400 1 @ 400
E son M= 1 £ cm
a0 VLI 600
O . 8O0
ook 1000
0 50 100 150
03 (ppbv]
CDictober
100 T 100
..-r"-‘L
= 200 1 5 =200
[ [
= =
s 300 1 @ 300
a — o |
no400 = 1 & a0
e I3 &
&£ 500 : {1 & so0
B0 o : 00
e
B00; i . BO0
moose . R . 1000
0 50 100 150
a3 (ppby)

+36.80 deg lon), model: DAD

August

P | PR PR | I PR M.
a0 100 150
3 {pp b'\.':]
Maovember
i S0 100 150

a3 {ppkv)

Freasure {hPa}

Pressure {hPa)

100

200

300

400

500
aon

&00
1000

1a0

200

300

400
ago
1N
00
1000

September

f —

50 100
03 {ppbu]

Oecember

150

-

L I,-J'Jrl T
El A )

d_f

I

.
_{.L

o

50 160
03 {ppbv)

150



site: Mairobi { —01.27 deg lat, +38.80 deg lon), model: GISS

January February
100 oo T ors LB 100 T
= 200f ool B 2O0r 1 = ozoaf
& : & E
e T e -
o IOt i w2 4 300r 1 & 300t
5 : 5 N o= = N =
@40t {1 & 4naf 4 B o4oof
£ soof 1 £ soaf 200 4 E spo} 20
BOG 1 GO0 . BOO
BOG 1 BO0 - . BOO /
ook & ook My tooo b
0 50 100 150 0 50 100 150 ] 50 100
03 (ppbv] 03 {ppb«] 03 {ppbu]
April June
100 i 100 1151 B Rl 1o 2
- _'-
B
= 200f H=— {1 = =200t 1 = =oo0f
& - = =
o 300 |—— {1 « 3Soof 4 = 300f
. ' Pl [
3 I—O—:—l N — 3 = =
Booaool —t {1 % 400t 1 B 400t
[ — 21 = = 24
& BO0F {1 & soof 4 & soof
BOGL 1 GO0 - . GO -
00 et - BOa b - 500 F
moee vy sy o el vy o oo SR
0 50 100 150 ] 50 100 150 o 50 100

03 [ppby) a3 {ppkv) 03 {ppbv)



site: Mairobi { —01.27 deg lat,

100G

200

S

400

205
GO

Prezsure fhPa}

BOC
1000

100G

200

300

400G

SO
[ZIH

Pressure (hPa)

UG
1000

July

50 100
03 (ppbv]

Dctober

]

o0 100
Q3 (ppbv)

150

Prezsure fhPa}

Pressure (hPa)

100

200

S0

400

Soa
GO0

BGa
1000

100

200

300

400
a0
B0
B0
1000

+36.80 deg lon), model: GISS

August

Palialt B N 1 PR R R T T M.
a0 100 150
3 {ppbv:]
Maovember
i S0 100 150
a3 {ppkv)

Freasure {hPa}

Pressure {hPa)

100

200

300

400

500
aon

&00
1000

1a0

200

September

50 100
03 {ppbu]

Oecember

150

PRSP RN




site: Mairobi { —01.27 deg lat, +38.80 deg len), model: FYGCM

January February March
100 10— T AP g0 T T
o 20Rf ool ® 2007 1 w5 zZoar 1
= & =
A e -
o 303} w32l 4 300f 1 @ 300f 1
5 : 5 = N =
B 4o 1 & 4naf 4B 4p0r = 1
£ soof 1 £ soaf 1 £ soof 20
BOG T 1 600 1 00 1
BOG 1 BOO - 1 8OO 1
ook ook ML ook b L
0 50 100 150 a 50 100 150 o 50 100 150
03 (ppbv] 03 {ppb«] 03 {ppbu]
April May June
e e 1o T = oo T s
/ == — |,
S E :
= 0 = 1 = 200r H— 1 & =200p 1
£ —— £ H— @
= —— = B =
o 300F [—— 1 « 300 1 @ 300F 1
5 - N = 5 q: b o= 5 —
7 400r —t = 1 & soop e 1 B 400y =
& osoer 21 1 & soof | 01 & soof 24
BOGL 1 BoOp | A . BO0 - 1
et
BOG 1 Boar L . EOO - 1
1|:|':||3"-l- PR SR T T TR S N N T S S S 1|:|0|:|'- I- PR S [ S T S SR SR SR S S W H:IC'U'- PR R [N S SR SR R I S SR S
i S0 100 150 a 50 100 150 o 50 100 150

03 [ppby) a3 {ppkv) 03 {ppbv)



site: Mairobi { —01.27 deg lat,

100G

Prezsure fhPa}

BOC
10Iee .

200 F

SR

400
S0G
GO0

July

a0 190

03 (ppbv]

1540

100G

Pressure (hPa)

SO

200

J0G

400G

)
GG -

100ce . &, .,

]

Prezsure fhPa}

Pressure (hPa)

100

200

S0

400

Soa
GO0

BGa
1000

100

+36.80 deg lon), model:

August

o 100
03 {pp b'\.':]

Maovember

Freasure {hPa}

Pressure {hPa)

100

200

300

400

500
aon

&00
1000

1a0

o ol

FWGCM

September

100
03 {ppbu]

150

Oecember

T




site: Mairobi { —01.27 deg lat,

January

100G

200 F

SR

400
S0G
GO0

Prezsure fhPa}

Bt —f
000k L

GIES

0 50 100
03 (ppbv]

April

1540

oG T
I_-'I

200

J0G

400G

)
GG -

Pressure (hPa)

BUGF =
ook ..

0 o0 100
Q3 (ppbv)

150

Prezsure fhPa}

Pressure (hPa)

100

200

S0

400

Soa
GO0

BGa
1000

100

200

300

400
a0
B0
B0
1000

+36.80 deg len), lightning flag: v2L2

February

M = J
20 4
e
50 100 150
3 {ppbv:]
a S0 100 156
a3 {ppkv)

Freasure {hPa}

Pressure {hPa)

100

200

300

400

500
aon

&00
1000

1a0

200

300

400
ago
1N
00
1000

March

T -
T =T

03 {ppbv)

B = .
20 i
ac 100 150
03 {ppbu]
June
.Ill|ll_J-/l| MR
= 1.
N = i
24 i
8] 100 150



site: Mairobi { —01.27 deg lat, +38.80 deg lon), lightning flag: v2L2
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